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ABERRATION DETECTION DEVICE, 
ABERRATION DETECTION METHOD, AND 
OPTICAL PICK-UP DEVICE 

FIELD OF THE INVENTION 
The present invention relates to an aberration 
detection device for detecting an aberration caused in a 
focusing optical system, and an optical pick-up device 
provided with the aberration detection device. 

BACKGROUND OF THE INVENTION 
Recently, in accordance with the increase in the 
amount of information, optical disks have been required 
to have a higher recording density. Optical disks with a 
higher recording density have been realized by increasing 
a linear recording density in an information recording 
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layer of an optical disk or by providing tracks in a 
narrower pitch. To cope with realizing such optical disks 
with a higher recording density, it is necessary to 
decrease a beam diameter of a light beam focused onto the 
information recording layer of the optical disk. 

It can be considered that a beam diameter of a light 
beam can be decreased by increasing a numerical aperture 
(NA) of an objective lens to which the light beam is 
directed, which serves as a focusing optical system in an 
optical pick-up device for recording/reproducing 
information on/from an optical disk, and by shortening a 
wave length of the light beam. 

The shortening of the wave length of the light beam 
is considered as feasible by changing a light source from 
a red semiconductor laser to a blue-purple semiconductor 
laser which has been being put on the road to 
commercialization in a full scale. 

On the other hand, as for an objective lens having 
a high NA, a technique in which a hemispherical lens is 
combined to an objective lens, and the objective lens is 
constituted by the two lenses (the two-group lens) , so as 
to realize an objective lens having a high NA, has been 
proposed . 

Meanwhile, generally in an optical disk, an 
information recording layer is covered with cover glass 
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so as to be protected from dust and flaws. Therefore, a 
light beam passing through an objective lens in an 
optical pick-up device passes through the cover glass, 
and is focused onto the information recording layer 
located under the cover glass and forms a focus . 

When the light beam passes through the cover glass, 
a spherical aberration SA is caused. The spherical 
aberration SA can be expressed as: 

SA a d -NA\ ... (1) 

which means that the spherical aberration is 
proportional to a cover glass thickness d and the fourth 
power of the NA of the objective lens. Generally, the 
objective lens is designed so as to make up for the 
spherical aberration, so the spherical aberration of the 
light beam passing through the objective lens and the 
cover glass is sufficiently small. 

However, if the thickness of the cover glass 
deviates from a predetermined value, the spherical 
aberration is caused in the light beam focused onto the 
information recording layer. Thus, the beam diameter is 
increased, causing a problem that information cannot be 
read/written correctly. 

Besides, it is clear from the foregoing expression 
(1) that a spherical aberration error ASA increases with 
the increase of a thickness error Ad of the cover glass, 
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resulting in that information cannot be read/written 
correctly . 

Meanwhile, in order to have a higher information 
recording density in a direction of the thickness of the 
optical disk, a multi-layer optical disk formed by 
laminating information recording layers has been 
provided. For example, a DVD (Digital Versatile Disc) 
having two information recording layers has already been 
commercialized as a multi- layer optical disk. In an 
optical pick-up device for recording/reproducing 
information on/from such a multi-layer optical disk, it 
is necessary to focus a light beam so as to be 
sufficiently small, onto each of the information 
recording layers in the optical disk. 

In an optical disk having multiple information 
recording layers as mentioned above, thicknesses from a 
surface of the optical disk (a surface of cover glass) to 
the respective information recording layers are 
different. Thus, spherical aberration caused when a light 
beam passes through the cover glass of the optical disk 
differs for each information recording layer. In this 
case, for example, the difference (error) ASA of the 
spherical aberrations caused in adjacently laminated 
information recording layers is proportional to a 
distance t between the adjacently laminated information 
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recording layers (corresponding to the thickness d) , 
which is obtained from the expression (1) . 

In the DVD having two information recording layers, 
the NA of the objective lens in the optical pick-up 
device is small, around 0.6. Consequently, it is clear 
from the foregoing expression (1) that, even if the 
thickness error Ad of the cover glass increases in some 
degree, the increase has little effect on the spherical 
aberration difference ASA. 

Therefore, in a DVD device using a conventional 
optical pick-up device having a NA of around 0.6, the 
spherical aberration difference ASA caused by the 
thickness error Ad of the cover glass of the DVD is 
small, and thus the light beam can be focused onto each 
information recording layer so as to be sufficiently 
small . 

However, even if the thickness error Ad of the cover 
glass is identical, a greater spherical aberration is 
caused with the increase of the NA. For example, when NA 
= 0.85, an approximately four-fold spherical aberration 
is caused compared with the case where NA = 0.6. 
Therefore, it is clear from the foregoing expression (1) 
that, the higher the NA becomes, as NA = 0.85, the 
greater the spherical aberration is caused by the 
thickness error Ad of the cover glass. 
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Likewise, in the multi- layer optical disk, even if 
the distance t between the adjacently laminated 
information recording layers is identical, a greater 
spherical aberration difference ASA is caused with the 
increase of the NA of the objective lens in the optical 
pick-up device. For example, when NA = 0.85, an 
approximately four- fold spherical aberration difference 
is caused compared with the case where NA = 0.6. 
Therefore, it is clear from the foregoing expression (1) 
that, the higher the NA becomes, as NA = 0.85, the 
greater the difference of the spherical aberrations of 
the respective information recording layers becomes. 

Therefore, in an objective lens having a high NA, 
the effect by the spherical aberration error is not 
negligible, and it results in the deterioration of 
information reading accuracy. Hence, in order to realize 
a higher recording density using the objective lens 
having a high NA, it is necessary to correct the 
spherical aberration. 

As techniques for correcting a spherical aberration, 
techniques disclosed in Japanese Unexamined Patent 
Publications No. 2000-155979 {Tokukai 2000-155979, 
published on June 6, 2000: reference 1), No. 2000-182254 
{Tokukai 2000-182254, published on June 30, 2000: 
reference 2), No. 2000-171346 [Tokukai 2000-171346, 


published on June 23, 2000, US Patent Application No. 
09/456,414, applied on December 8, 1999: reference 3), 
etc. can be considered. 

The reference 1 discloses a technique that, in a 
light beam on a return path, which is reflected from an 
optical disk and to be focused, only a part of the light 
beam which passes through a region between two concentric 
circles having different radii centered on a light axis 
of the light beam (a region in a half-ring shape) is 
focused so as to detect a spherical aberration, and the 
spherical aberration is corrected in accordance with the 
detected result. 

The reference 2 discloses a technique that, a light 
beam on a return path, which is reflected from an optical 
disk and to be focused, is separated by a hologram device 
into a light beam close to a light axis of the foregoing 
light beam and a light beam outside the light beam close 
to the light axis of the foregoing light beam, and the 
two light beams are focused so as to detect a spherical 
aberration, and the spherical aberration is corrected in 
accordance with the detected result. 

The reference 3 discloses a technique for detecting 
a spherical aberration when a light beam is focused onto 
an information recording layer of an optical disk, by 
utilizing the difference in a focus position of a part of 
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the light beam close to a light axis and a focus position 
of a part of the light beam outside the part of the light 
beam close to the light axis, which results from the 
spherical aberration, and correcting the spherical 
aberration in accordance with the detected result. 

However, the foregoing references 1 through 3 have 
the following problems. 

In the reference 1, the light beam passing through 
the half -ring shaped region in the region between the two 
concentric circles having different radii centered on the 
light axis of the light beam, is utilized as a light beam 
for detecting the spherical aberration. The half -ring 
shaped region is a region including an extreme value of 
a curve representing a wave front of the light beam, and 
the light beam passing through the region is focused onto 
a focus position of a focused light beam in an ideal wave 
front having no spherical aberration. Therefore, the 
technique disclosed in the reference 1 cannot be adopted 
to a method for detecting a spherical aberration error 
signal by utilizing a focus position of a light beam. 

In the references 2 and 3, the spherical aberration 
is detected by detecting a deviation in the focus 
positions of the separated light beams. Thus, unless the 
light beam is appropriately separated, the difference 
between the positions where the separated light beams 
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have the minimum spot diameters, respectively, is 
reduced, and thus the amount of the deviation in the 
focus positions of the separated light beams is reduced, 
failing to detect the spherical aberration sensitively. 

SUMMARY OF THE INVENTION 
The present invention is made so as to solve the 
foregoing problems, and its object is to provide an 
aberration detection device, an aberration detection 
method, and an optical pick-up device, which can detect 
a spherical aberration sensitively by separating a light 
beam appropriately so as to enlarge a difference in the 
positions where the respective separated light beams have 
the minimum spot diameters, and thus to enlarge a 
deviation amount of the focus positions of the separated 
light beams. 

In order to attain the foregoing object, an 
aberration detection device of the present invention 
includes : 

light beam separation means for separating a light 
beam passing through a focusing optical system into a 
first light beam which includes a light axis of the light 
beam and a second light beam which does not include the 
light axis of the light beam, at a boundary drawn at an 
extreme value of a curve representing a wave front when 
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the light beam has a minimum beam diameter on an 
information recording layer of an optical recording 
medium; and 

spherical aberration detection means for detecting 
a spherical aberration of the focusing optical system, in 
accordance with at least one of focus positions of the 
two light beams separated by the light beam separation 
means . 

In a case where the wave front when the light beam 
has the minimum beam diameter on the information 
recording layer of the optical recording medium is 
represented by a curve, a tangent at the extreme value of 
the curve is virtually parallel to a tangent of a curve 
representing an ideal wave front having no spherical 
aberration. This means that a converging point (a focus) 
where the light beam passing through the extreme value of 
the curve representing the wave front when the light beam 
forms the best image point on the information recording 
layer of the optical recording medium converges virtually 
coincides with the best image point. Here, the best image 
point is an image point where the light beam has the 
minimum diameter. 

Therefore, as in the foregoing structure, by 
separating the light beam passing through the focusing 
optical system by the light beam separation means into 
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the first light beam which includes the light axis of the 
foregoing light beam and the second light beam which does 
not include the light axis of the foregoing light beam, 
at the boundary drawn at the extreme value of the curve 
representing the wave front when the light beam has the 
minimum beam diameter on the information recording layer 
of the optical recording medium, none of the focuses of 
the separated two light beams coincides with the best 
image point . 

With this structure, the focus positions of the 
separated two light beams and the best image point can be 
clearly distinguished, and thus the distances from the 
focus positions of the separated two light beams and the 
best image point, that is, the focus position deviation 
amounts of the respective light beams, are specified. 
Consequently, by using the focus position deviation 
amounts obtained in such a manner, the spherical 
aberration of the focusing optical system can be detected 
sensitively. 

Besides, since none of the focus positions of the 
separated two light beams coincides with the best image 
point, the spherical aberration of the focusing optical 
system can be detected in accordance with either of the 
focus positions of the two light beams. 

In order to attain the foregoing object, another 
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aberration detect ion device of the present invention 
includes : 

light beam separation means for separating a light 
beam passing through a focusing optical system into a 
first light beam which includes a light axis of the light 
beam and a second light beam which does not include the 
light axis of the light beam; and 

aberration detection means for detecting a spherical 
aberration of the focusing optical system, in accordance 
with at least one of focus positions of the first light 
beam and the second light beam separated by the light 
beam separation means, 

and the aberration detection means includes: 

a first focus error detection section for detecting 
a focus position deviat ion of the first light beam from 
the first light beam, and outputting a first error 
signal; and 

a second focus error detection section for detecting 
a focus position deviation of the second light beam from 
the second light beam, and outputting a second error 
signal , 

wherein the aberration detection means obtains a 
spherical aberration error signal SAES showing an amount 
of the spherical aberration of the focusing optical 
system, from an equation: 
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SAES = Fl - FES x kl (kl: a coefficient), 

where Fl is the first error signal, F2 is the second 

error signal, and FES, which is a focus error signal 

showing an amount of a focus error of the focusing 

optical system, is Fl + F2, and 

the aberration detection means detects the spherical 

aberration from the spherical aberration error signal 

SAES . 

In order to attain the foregoing object, another 
aberration detection device of the present invention 
includes : 

light beam separation means for separating a light 
beam passing through a focusing optical system into a 
first light beam which includes a light axis of the light 
beam and a second light beam which does not include the 
light axis of the light beam; and 

aberration detection means for detecting a spherical 
aberration of the focusing optical system, in accordance 
with at least one of focus positions of the first light 
beam and the second light beam separated by the light 
beam separation means, 

and the aberration detection means includes: 

a first focus error detection section for detecting 
a focus position deviation of the first light beam from 
the first light beam, and outputting a first error 
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signal; and 

a second focus error detection section for detecting 
a focus position deviation of the second light beam from 
the second light beam, and outputting a second error 
signal , 

wherein the aberration detection means obtains a 
spherical aberration error signal SAES showing an amount 
of the spherical aberration of the focusing optical 
system, from an equation: 

SAES = F2 - FES x k2 (k2 : a coefficient), 

where Fl is the first error signal, F2 is the second 
error signal, and FES, which is a focus error signal 
showing an amount of a focus error of the focusing 
optical system, is Fl + F2 , and 

the aberration detection means detects the spherical 
aberration from the spherical aberration error signal 
SAES . 

When a spherical aberration is caused in the 
focusing optical system, the focus position of the first 
light beam and the focus position of the second light 
beam both change. Thus, the first error signal Fl 
obtained by detecting the focus position deviation of the 
first light beam and the second error signal F2 obtained 
by detecting the focus position deviation of the second 
light beam are both changed by the spherical aberration. 
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Besides, the first error signal Fl and the second error 
signal F2 are subjected to positive and negative effects 
by the spherical aberration, respectively. 

Therefore, by using both of the first error signal 
Fl and the second error signal F2 so as to obtain the 
focus error signal FES of the focusing optical system as 
in the foregoing structure, a signal in which the effect 
of the spherical aberration is restrained as much as 
possible can be obtained. 

In this manner, the spherical aberration can be 
accurately detected by obtaining the spherical aberration 
error signal SAES using the focus error signal FES in 
which the effect of the spherical aberration is 
restrained as much as possible. 

In order to attain the foregoing object, an 
aberration detection method of the present invention is 
a method for separating a light beam passing through a 
focusing optical system into a light beam which includes 
a light axis of the light beam and a light beam which 
does not include the light axis of the light beam, at a 
boundary drawn at an extreme value of a curve 
representing a wave front when the light beam has a 
minimum beam diameter on an information recording layer 
of an optical recording medium; and for detecting a 
spherical aberration of the focusing optical system, in 
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accordance with at least one of focus positions of the 
separated two light beams. 

According to the foregoing structure, by separating 
the light beam passing through the focusing optical 
system into the light beam which includes the light axis 
of the original light beam and the light beam which does 
not include the light axis of the original light beam, at 
the boundary drawn at the extreme value of the curve 
representing the wave front when the original light beam 
has the minimum beam diameter on the information 
recording layer of the optical recording medium, none of 
the focuses of the separated two light beams coincides 
with the best image point . 

With this structure, the focus positions of the 
separated two light beams and the best image point can be 
clearly distinguished, and thus the distances from the 
focus positions of the separated two light beams and the 
best image point, that is, the focus position deviation 
amounts of the respective light beams, are specified. 
Consequently, by using the focus position deviation 
amounts obtained in such a manner, the spherical 
aberration of the focusing optical system can be detected 
sensitively. 

In order to attain the foregoing object, an optical 
pick-up device of the present invention includes: 


a light source; 

a focusing optical system for focusing a light beam 
emitted from the light source onto an optical recording 
medium ; 

light beam separation means for separating a light 
beam reflected from the optical recording medium and 
passing through the focusing optical system, into a first 
light beam which includes a light axis of the light beam 
and a second light beam which does not include the light 
axis of the light beam, at a boundary drawn at an extreme 
value of a curve representing a wave front when the light 
beam has a minimum beam diameter on an information 
recording layer of an optical recording medium; 

spherical aberration detection means for detecting 
a spherical aberration of the focusing optical system, in 
accordance with at least one of focus positions of the 
two light beams separated by the light beam separation 
means ; and 

spherical aberration correction means for correcting 
the spherical aberration detected by the spherical 
aberration detection means. 

In a case where the wave front when the light beam 
has the minimum beam diameter on the information 
recording layer of the optical recording medium is 
represented by a curve, a tangent at the extreme value of 
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the curve is virtually parallel to a tangent of a curve 
representing an ideal wave front having no spherical 
aberration. This means that a converging point (a focus) 
where the light beam passing through the extreme value of 
the curve representing the wave front when the light beam 
forms the best image point on the information recording 
layer of the optical recording medium converges virtually 
coincides with the best image point. 

Therefore, as in the foregoing structure, by 
separating the light beam reflected from the optical 
recording medium and passing through the focusing optical 
system by the light beam separation means into the first 
light beam which includes the light axis of the light 
beam and the second light beam which does not include the 
light axis of the light beam, at the boundary drawn at 
the extreme value of the curve representing the wave 
front when the light beam has the minimum beam diameter 
on the information recording layer of the optical 
recording medium, none of the focuses of the separated 
two light beams coincides with the best image point. 

With this structure, the focus positions of the 
separated two light beams and the best image point can be 
clearly distinguished, and thus the distances from the 
focus positions of the separated two light beams and the 
best image point, that is, the focus position deviation 
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amounts of the respective light beams, are specified. 
Consequently, the spherical aberration of the focusing 
optical system can be detected sensitively. 

Therefore, by correcting the focus position 
deviation in the focusing optical system in accordance 
with the accurately detected focus position deviation 
amounts, the spherical aberration of the focusing optical 
system can be corrected with high accuracy. 

In order to attain the foregoing object, another 
optical pick-up device of the present invention includes: 

a light source; 

a focusing optical system for focusing a light beam 
emitted from the light source onto an optical recording 
medium; 

light beam separation means for separating a light 
beam reflected from the optical recording medium and 
passing through the focusing optical system, into a first 
light beam which includes a light axis of the light beam 
and a second light beam which does not include the light 
axis of the light beam,- 

focus position deviation amount detection means for 
detecting a deviation amount of at least one of focus 
positions of the first light beam and the second light 
beam separated by the light beam separation means; and 

correction means for correcting a spherical 
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aberration of the focusing optical system in accordance 
with the deviation amount of the focus position detected 
by the focus position deviation amount detection means, 

and the focus position deviation amount detection 
means includes : 

a first focus error detection section for detecting 
a focus position deviation of the first light beam from 
the first light beam, and outputting a first error 
signal; and 

a second focus error detection section for detecting 
a focus position deviation of the second light beam from 
the second light beam, and outputting a second error 
signal , 

wherein the focus position deviation amount 
detection means obtains a spherical aberration error 
signal SAES showing an amount of the spherical aberration 
of the focusing optical system, from an equation: 

SAES = Fl - FES x kl (kl: a coefficient), 

where Fl is the first error signal, F2 is the second 
error signal, and FES, which is a focus error signal 
showing an amount of a focus error of the focusing 
optical system, is Fl + F2 , and 

the correction means corrects the spherical 
aberration in accordance with the spherical aberration 
error signal SAES obtained by the focus position 


- 21 - 

deviation amount detection means. 

In order to attain the foregoing object, another 
optical pick-up device of the present invention includes: 

a light source ; 

a focusing optical system for focusing a light beam 
emitted from the light source onto an optical recording 
medium; 

light beam separation means for separating a light 
beam reflected from the optical recording medium and 
passing through the focusing optical system, into a first 
light beam which includes a light axis of the light beam 
and a second light beam which does not include the light 
axis of the light beam; 

focus position deviation amount detection means for 
detecting a deviation amount of at least one of focus 
positions of the first light beam and the second light 
beam separated by the light beam separation means; and 

correction means for correcting a spherical 
aberration of the focusing optical system in accordance 
with the deviation amount of the focus position detected 
by the focus position deviation amount detection means, 

and the focus position deviation amount detection 
means includes : 

a first focus error detection section for detecting 
a focus position deviation of the first light beam from 
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the first light beam, and outputting a first error 
signal; and 

a second focus error detection section for detecting 
a focus position deviation of the second light beam from 
the second light beam, and outputting a second error 
signal , 

wherein the focus position deviation amount 
detection means obtains a spherical aberration error 
signal SAES showing an amount of the spherical aberration 
of the focusing optical system, from an equation: 

SAES = F2 - FES x k2 (k2 : a coefficient), 

where Fl is the first error signal, F2 is the second 
error signal, and FES, which is a focus error signal 
showing an amount of a focus error of the focusing 
optical system, is Fl + F2 , and 

the correction means corrects the spherical 
aberration in accordance with the spherical aberration 
error signal SAES obtained by the focus position 
deviation amount detection means . 

When a spherical aberration is caused in the 
focusing optical system, the focus position of the first 
light beam and the focus position of the second light 
beam both change. Thus, the first error signal Fl 
obtained by detecting the focus position deviation of the 
first light beam and the second error signal F2 obtained 
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by detecting the focus position deviation of the second 
light beam are both changed by the spherical aberration. 
Besides, the first error signal Fl and the second error 
signal F2 are subjected to positive and negative effects 
by the spherical aberration, respectively. 

Therefore, by using both of the first error signal 
Fl and the second error signal F2 so as to obtain the 
focus error signal FES of the focusing optical system as 
in the foregoing structure, a signal in which the effect 
of the spherical aberration is restrained as much as 
possible can be obtained. 

In this manner, the spherical aberration can be 
accurately detected by obtaining the spherical aberration 
error signal SAES using the focus error signal FES in 
which the effect of the spherical aberration is 
restrained as much as possible, and thus the spherical 
aberration can be accurately corrected. 

For a fuller understanding of the nature and 
advantages of the invention, reference should be made to 
the ensuing detailed description taken in conjunction 
with the accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a schematic view showing an optical 
pick-up device of the present invention. 
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Figure 2 is a schematic view showing an optical 
recording/reproducing device provided with the optical 
pick-up device shown in Figure 1 . 

Figure 3 is an explanatory view showing the detail 
of detection devices in the optical pick-up device shown 
in Figure 1 . 

Figure 4 (a) is an explanatory view showing a focus 
position of a light beam in a lens having no spherical 
aberration, and Figure 4 (b) is an explanatory view 
showing focus positions of a light beam in a lens having 
a spherical aberration. 

Figure 5 is a concept view showing a wave front 
aberration when a spherical aberration is caused. 

Figure 6 (a) is an explanatory view showing focusing 
states of a light beam close to a light axis, within 
boundaries drawn at an extreme value of a wave front of 
the wave front aberration shown in Figure 5, and Figure 
6 (b) is an explanatory view showing focusing states of a 
light beam apart from the light axis, outside the 
boundaries drawn at the extreme value of the wave front 
of the wave front aberration shown in Figure 5. 

Figure 7 is an explanatory view showing the 
relationship of a focus position in a case having no 
spherical aberration, and a focus position at an extreme 
value of a wave front in a case having a spherical 
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aberration . 

Figure 8 is a graph showing the relationship between 
a spherical aberration error signal SAES and change in 
the thickness of cover glass of an optical disk in the 
optical pick-up device shown in Figure 1. 

Figure 9 (a) is a graph showing the relationship 
between the spherical aberration error signal SAES and 
change in the thickness of cover glass of an optical disk 
in an optical pick-up device when a focus position 
deviation is corrected; and Figure 9(b) is a graph 
showing the relationship between the spherical aberration 
error signal SAES and change in the thickness of the 
cover glass of the optical disk in the optical pick-up 
device when the focus position deviation is not 
corrected . 

Figure 10 is a plan view of a hologram having 
another separation pattern applied to the optical pick-up 
device of the present invention. 

Figure 11 is a plan view of a hologram having still 
another separation pattern applied to the optical pick-up 
device of the present invention. 

Figure 12 is a plan view of a hologram as a 
comparison example for the hologram shown in Figure 11. 

Figure 13 (a) is a graph showing the relationship 
between the spherical aberration error signal SAES and 
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change in the thickness of cover glass of an optical disk 
in an optical pick-up device when the hologram shown in 
Figure 11 is used; and Figure 13 (b) is a graph showing 
the relationship between the spherical aberration error 
signal SAES and change in thickness of the cover glass of 
the optical disk in the optical pick-up device when the 
hologram shown in Figure 12 is used. 

Figures 14 (a) and 14 (b) are plan views of holograms 
having still another separation patterns applied to the 
optical pick-up device of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The following description will describe one 
embodiment of the present invention. In the present 
embodiment, explanation will be given on an example that 
an aberration detection device of the present invention 
is used in an optical pick-up device equipped in an 
optical recording/reproducing device for optically 
recording/reproducing information on/from an optical disk 
as an optical recording medium. 

As shown in Figure 2, an optical 

recording/reproducing device in accordance with the 
present embodiment includes a spindle motor 62 for 
rotating and driving an optical disk 6, which is an 
optical recording medium; an optical pick-up device 10 
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for recording/reproducing information on/from the optical 
disk 6; and a driving control section 51 for controlling 
the driving of the spindle motor 62 and the optical pick- 
up device 10. 

The optical pick-up device 10 includes a 
semiconductor laser 1 as a light source for emitting a 
light beam to the optical disk 6, a hologram 2, a 
collimator lens 3, a dual element objective lens 9 as a 
focusing optical system, and detection devices 7 and 8. 

Between the dual element objective lens 9 and the 
collimator lens 3 is provided a mirror 63 which refracts 
a light path of a light beam from the dual element 
objective lens 9 or a light beam from the collimator lens 
3, at about 90 degrees. 

The dual element objective lens 9 is structured so 
as to include a first lens element 4 and a second lens 
element 5, which are located so that a light beam emitted 
from the semiconductor laser 1 passes through them in 
this order. 

The rim section of the first lens element 4 is held 
by a holder 52. On an outside perimetrical section of the 
holder 52, a focus actuator 53 and a tracking actuator 64 
are provided. 

The focus actuator 53 moves the dual element 
objective lens 9 at an appropriate position in a 
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direction of a light axis, so as to provide focus 
control. The tracking actuator 64 moves the dual element 
objective lens 9 in a radial direction (in a direction 
orthogonal to the direction of tracks formed on the 
optical disk 6 and to the direction of the light axis) , 
so as to provide tracking control . 

By accurately controlling the driving of the 
tracking actuator 64, a light beam can accurately follow 
an information track of the optical disk 6. 

The rim section of the second lens element 5 is held 
by a holder 54 . On an inside perimetrical section of the 
holder 52 facing an outside perimetrical section of the 
holder 54, a second lens element actuator 55 is provided 
so as to move the second lens element 5 in the light axis 
direction. By controlling the driving of the second lens 
element actuator 55, the interval between the first lens 
element 4 and the second lens element 5 can be adjusted 
so as to correct a spherical aberration caused in the 
optical system of the optical pick-up device 10. 

The driving control section 51 includes a spindle 
motor driving circuit 56 for controlling the driving of 
the spindle motor 62, a focus driving circuit 57 for 
controlling the driving of the focus actuator 53, a 
tracking driving circuit 61 for controlling the driving 
of the tracking actuator 64, a second lens element 
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driving circuit 58 for controlling the driving of the 
second lens element actuator 55. The driving control 
section 51 further includes a control signal generation 
circuit 59 for generating control signals for the 
respective driving circuits from signals obtained by the 
detection devices 7 and 8, and an information 
reproduction circuit 60 for reproducing information 
recorded on the optical disk 6 from the signals obtained 
by the detection devices 7 and 8, and generating a 
reproduction signal. 

The control signal generation circuit 5 9 generates 
a tracking error signal, a focus error signal FES, and a 
spherical aberration error signal SAES, in accordance 
with the signals obtained by the detection devices 7 and 
8, and transmits the tracking error signal to the 
tracking driving circuit 61, the focus error signal FES 
to the focus driving circuit 57, and the spherical 
aberration error signal SAES to the second lens element 
driving circuit 58. Then, each driving circuit controls 
the driving of each member in accordance with each error 
signal . 

For example, in the focus driving circuit 57, when 
the focus error signal FES is inputted, the focus driving 
circuit 57 controls the driving of the focus actuator 53 
so as to move the dual element objective lens 9 in the 
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light axis direction in accordance with a value of the 
FES, and correct a focus position deviation of the dual 
element objective lens 9. 

In the second lens element driving circuit 58, when 
the spherical aberration error signal SAES is inputted, 
the second lens element driving circuit 58 controls the 
driving of the second lens element actuator 55 so as to 
move the second lens element 5 in the light axis 
direction in accordance with a value of the SAES, and 
correct the spherical aberration caused in the optical 
system of the optical pick-up device 10. However, when 
the spherical aberration is corrected by a spherical 
aberration correction mechanism, the interval between the 
first lens element 4 and the second lens element 5 of the 
dual element objective lens 9 is fixed, and the spherical 
aberration is corrected in accordance with a value of the 
spherical aberration error signal SAES inputted to the 
spherical aberration correction mechanism. 

Referring to the Figure 1, the following description 
will describe the details of the optical pick-up device 
10. For convenience in explanation, the mirror 63 shown 
in Figure 2 will be omitted in the optical pick-up device 
10 shown in Figure 1. 

In the optical pick-up device 10, the hologram 2, 
the collimator lens 3, and the first lens element 4 and 
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the second lens element 5 constituting the dual element 
objective lens 9 are located on a light axis OZ formed 
between a light beam emission surface of the 
semiconductor laser 1 and a light beam reflection surface 
of the optical disk 6. The detection devices 7 and 8 are 
located in proximity to focus positions of diffracted 
light from the hologram 2 . 

That is, in the optical pick-up device 10 as 
structured above, a light beam emitted from the 
semiconductor laser 1 passes through the hologram 2 as a 
zero-order diffraction light, and is converted into 
collimated light by the collimator lens 3. Then, the 
light beam passes through the dual element objective lens 
9 constituted by the first lens element 4 and the second 
lens element 5, and is focused onto an information 
recording layer 6c or 6d of the optical disk 6 . 

Meanwhile, the light beam reflected by the 
information recording layer 6c or 6d of the optical disk 
6 passes through the second lens element 5, the first 
lens element 4 of the dual element objective lens 9, and 
the collimator lens 3, is directed into the hologram 2, 
diffracted by the hologram 2, then focused onto the 
detection devices 7 and 8. 

The detection device 7, including a first 
photoreceptor 7a and a second photoreceptor 7b, is 
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located closer to the hologram 2 than the focus position 
of positive first-order diffraction light of the hologram 
2. The detection device 8, including a third 
photoreceptor 8a and a fourth photoreceptor 8b, is 
located farther from the hologram 2 than the focus 
position of negative first-order diffraction light of the 
hologram 2 . 

The distance between the focus position of the 
positive first-order diffraction light of the hologram 2 
and the detection device 7, and the distance between the 
focus position of the negative first -order diffraction 
light of the hologram 2 and the detection device 8, are 
designed to be almost identical. In these detection 
devices 7 and 8, a light beam is converted into an 
electric signal. 

The optical disk 6 is constituted by a cover glass 
6a, a substrate 6b, and two information recording layers 
6c and 6d formed between the cover glass 6a and the 
substrate 6b. That is, the optical disk 6 is a two-layer 
disk, and the optical pick-up device 10 is structured so 
as to reproduce information from each information 
recording layer and to record information on each 
information recording layer, by focusing a light beam 
onto the information recording layer 6c or 6d. 

Therefore, in the following explanation, an 
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information recording layer of the optical disk 6 denotes 
either of the information recording layer 6c or 6d, and 
the optical pick-up device 10 is structured so as to be 
capable of focusing a light beam onto either of the 
information recording layers, and recording/reproducing 
information . 

The hologram 2 is separated into two regions, 
regions 2a and 2b. The first region 2a is a region 
circled by a first circle El centered on the light axis 
OZ, and the second region 2b is a region between the 
first circle El and a second circle E2 centered on the 
light axis OZ . 

As mentioned above, the hologram 2 is structured so 
as to allow the light emitted from the semiconductor 
laser 1 to pass through to the side of the optical disk 
6 as the zero-order diffraction light, and to diffract 
the reflected light from the side of the optical disk G 
and guide the light to the detection devices 7 and 8. 
Therefore, each region of the hologram 2 is set so as to 
separately focus the positive first -order diffraction 
light and the negative first-order diffraction light of 
the light beam which is reflected by the optical disk 6, 
passes through and is diffracted at each region of the 
hologram 2, onto the respective photoreceptors of the 
detection devices 7 and 8. 
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That is, each region of the hologram 2 is structured 
such that, in the light beam reflected at the information 
recording layer 6c or Sd of the optical disk 6, the 
positive first-order diffraction light of a first light 
beam passing through the first region 2a of the hologram 
2 forms a focus spot in proximity to the first 
photoreceptor 7a, the negative first-order diffraction 
light of the first light beam forms a focus spot in 
proximity of the fourth photoreceptor 8b, the positive 
first-order diffraction light of a second light beam 
passing through the second region 2b of the hologram 2 
forms a focus spot in proximity to the second 
photoreceptor 7b, and the negative first-order 
diffraction light of the second light beam forms a focus 
spot in proximity to the third photoreceptor 8a. 

Therefore, the positive first-order diffraction 
light and the negative first-order diffraction light of 
the light beam diffracted by each region of the hologram 
2 are guided respectively to the photoreceptors of the 
detection devices 7 and 8. 

By locating the photoreceptors of the detection 
devices 7 and 8 as mentioned above, the positive first - 
order diffraction light of the first light beam passing 
through the first region 2a of the hologram 2 is 
converted into an electric signal in the first 
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photoreceptor 7a, the negative first -order diffraction 
light of the first light beam is converted into an 
electric signal in the fourth photoreceptor 8b, the 
positive first-order diffraction light of the second 
light beam passing through the second region 2b of the 
hologram 2 is converted into an electric signal in the 
second photoreceptor 7b, and the negative first-order 
diffraction light of the second light beam is converted 
into an electric signal in the third photoreceptor 8a. 

As shown in Figure 3 , each photoreceptor of the 
detection devices 7 and 8 includes three photodetectors 
placed side by side. That is, the first photoreceptor 7a 
includes photodetectors 11a, lib, and 11c placed side by 
side, the second photoreceptor 7b includes photodetectors 
lid, lie, and llf placed side by side, the third 
photoreceptor 8a includes photodetectors 12a, 12b, and 
12c placed side by side, and the fourth photoreceptor 8b 
includes photodetectors 12d, 12e, and 12f placed side by 
side . 

The light beams received by the photodetectors 11a 
through llf and 12a through 12 f are converted into 
electric signals, respectively. The electric signals 
obtained by the photodetectors 11a through llf and 12a 
through 12f are inputted to the control signal generation 
circuit 59 (Figure 2) , and used for detecting and 
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adjusting a focus position deviation and a spherical 
aberration of the dual element objective lens 9. That is, 
the control signal generation circuit 59 also serves as 
aberration detection means for detecting a spherical 
aberration, focus position deviation amount detection 
means for detecting the amount of a focus position 
deviation, and spherical aberration correction means for 
correcting the spherical aberration, of the dual element 
objective lens 9, which is a focusing optical system. 

The electric signals obtained from the 
photodetectors are, for example, outputted to the 
information reproduction circuit 6 0 (Figure 2) , and 
converted into reproduction signals RF. Here, the 
reproduction signals RF recorded in the optical disk 6 is 
given by the total sum of the electric signals outputted 
from the photodetectors . 

The following description will explain on the 
correction of a focus position deviation by using the 
electric signals. Here, explanation will be given on the 
case where a focus position deviation is corrected by 
using the electric signals when the amount of a spherical 
aberration is small so as to be negligible. 

When a light beam comes into a focus on either of 
the information recording layer 6c or 6d of the optical 
disk 6, the size of a beam projected on the first 
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photoreceptor 7a of the detection device 7 and that on 
the fourth photoreceptor 8b of the detection device 8 are 
almost identical, and the size of a beam projected on the 
second photoreceptor 7b of the detection device 7 and 
that on the third photoreceptor 8a of the detection 
device 8 are almost identical. 

Here, a first error signal Fl is obtained from the 
following equation: 

Fl = (llaS + llcS - llbS} - (12dS + 12fS - 12eS) , 

... (2) 

where llaS through llcS and 12dS through 12fS are 
output levels of the photodetectors 11a through 11c and 
12d through 12f, respectively, which convert diffraction 
light from the first region 2a of the hologram 2 into 
electric signals; and a second error signal F2 is 
obtained from the following equation: 

F2 = (lldS + llfS - lleS) - {12aS + 12cS - 12bS) , 

... (3) 

where lldS through llfS and 12aS through 12cS are 
output levels of the photodetectors lid through llg and 
12a through 12c, respectively, which convert diffraction 
light from the second region 2b of the hologram 2 into 
electric signals. In this case, output values of the 
error signals Fl and F2 are 0 (zero) . 

When the optical disk 6 comes close to or apart from 
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the dual element objective lens 9 and the focus position 
is deviated from the information recording layer 6c or 
6d, the size of the beam formed on each photoreceptor 
varies, and values corresponding to the focus position 
deviations are outputted as the two error signals. 
Therefore, in order to keep the focus position always on 
the information recording layer, the dual element 
objective lens 9 should be moved in the light axis OZ 
direction so that the output values of the error signals 
Fl and F2 always become 0 . 

A method for detecting a focus position deviation by 
utilizing changes in the beam size as mentioned above is 
generally called a beam size method. Here, a focus 
position deviation denotes the amount of a deviation 
between the focus where the light beam passing through 
the dual element objective lens 9 from the side of the 
semiconductor laser 1 focuses and the position of the 
information recording layer 6c or 6d of the optical disk 
6. Thus, when the amount of a spherical aberration is 
small so as to be negligible, the focus error signal FES 
for detecting the focus position deviation may be 
generated by the error signals Fl or F2 . 

Next, consideration will be given on the case where 
there is no focus position deviation and a spherical 
aberration is caused in the optical system of the optical 
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pick-up system 10. It can be considered that the 
spherical aberration may be caused by the change in the 
thickness of the cover glass 6a of the optical disk 6, 
etc . 

For example, when the thickness of the cover glass 
6a changes and a spherical aberration is caused, the 
focus position {the position having the minimum beam 
diameter) of a section of a light beam close to the light 
axis OZ (an inner section) , and the focus position of a 
section of the light beam outside the inner section (an 
outer section) are different from the focus position when 
there is no spherical aberration. Therefore, when a 
spherical aberration is caused, the first error signal Fl 
and the second error signal F2 come to have values which 
are not 0 and corresponds to the amount of the spherical 
aberration. Here, the first error signal Fl detects the 
focus position deviation of the inner section of the 
light beam close to the light axis OZ diffracted by the 
first region 2a of the hologram 2, and the second error 
signal F2 detects the focus position deviation of the 
outer section of the light beam diffracted by the second 
region 2b of the hologram 2 . 

Thus, the spherical aberration error signal SAES as 
a value corresponding to the amount of the spherical 
aberration is generated as: 
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SAES = Fl, ... (4) 

or 

SAES = F2 . ... (5) 

With this manner, the spherical aberration of the 
dual element objective lens 9 can be detected either by 
the first error signal Fl or the second error signal F2 . 

However, focus position deviations in the inner 
section and the outer section of the light beam due to a 
spherical aberration are caused in different directions, 
so the beam size changes differently in the inner section 
and the outer section of the light beam. Thus, unless the 
light beam is accurately separated into the inner section 
and the outer section, the change in the beam size 
becomes smaller, failing to detect the spherical 
aberration sensitively. 

The following description will explain the 
separation of the light beam into the inner section and 
the outer section when a spherical aberration is caused 
in the optical system of the optical pick-up device 10. 

First, when there is no spherical aberration in the 
light beam, as shown in Figure 4 (a) , the light beam is 
focused at a point (a focus) on the light axis OZ . 

On the other hand, when a spherical aberration is 
caused in the light beam, as shown in Figure 4 (b) , a 
focus A is formed by the light beam passing through the 


- 41 - 

outer section of a lens at a position far from a best 
image point 0 on the light axis OZ, and a focus B is 
formed by the light beam passing through the inner 
section of the lens, the section close to the light axis 
OZ, at a position in front of the best image point 0. 
Here, the best image point 0 denotes an image point where 
the light beam has a minimum beam diameter. 

Therefore, as shown in Figure 4(b), the spherical 
aberration amount when the spherical aberration is caused 
in the light beam can be expressed by a distance a 
between the best image point 0 and the focus A, or a 
distance b between the best image point 0 and the focus 
B. The spherical aberration is corrected by using either 
of the distances a and b. 

Consequently, in order to correct the spherical 
aberration accurately, it is necessary to accurately 
detect the distance a and the distance b which indicate 
the spherical aberration amounts. That is, it is 
necessary to detect the spherical aberration sensitively. 

Hence, a separation radius of the light beam so as 
to detect the spherical aberration sensitively will be 
obtained, considering a wave front. 

Figure 5 shows a wave front aberration when a 
spherical aberration is caused as shown in Figure 4 (b) . 
Here, an ideal wave front 13 obtained when there is no 
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spherical aberration coincides with a straight line 
perpendicular to the light axis OZ. A wave front 14 
obtained when a light beam forms the best image point O 
on the information recording layer of the optical disk 6 
when a spherical aberration is caused is shown by a 
symmetric curve with respect to the light axis OZ . 

In the actual optical pick-up device 10, the dual 
element objective lens 9 is moved so that the focus error 
signal FES becomes 0, and adjusted so as to form a best 
image surface (a light beam emitted surface formed by the 
best image point) on the information recording layer. 

It is clear from Figure 5 that the proceeding 
direction of the wave front 14 changes at boundaries 15a 
and 15b. The boundaries 15a and 15b are located at an 
extreme value of the wave front 14 . 

Figure 6 (a) shows focusing states of wave fronts 14b 
and 14c located close to the light axis OZ within the 
boundaries 15a and 15b, focusing on the information 
recording layer 6c or 6d of the optical disk 6. Here, the 
reference numeral 16 denotes focused light when there is 
no spherical aberration, having a focus on the 
information recording layer 6c or 6d on the light axis 
OZ. The reference numeral 17 denotes focused light when 
a spherical aberration is caused. It is shown that the 
wave fronts 14b and 14c in Figure 5 have an image point 
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having the minimum beam diameter far from the information 
recording layer 6c or 6d, compared with the case where 
there is no spherical aberration. 

On the other hand, Figure 6 (b) shows reflecting 
states of wave fronts 14a and 14d located far from the 
light axis OZ outside the boundaries 15a and 15b, 
reflected on the information recording layer 6c or 6d of 
the optical disk 6. Here, the reference numeral 18 
denotes reflected light when there is no spherical 
aberration, having a focus on the information recording 
layer 6c or 6d on the light axis OZ . The reference 
numeral 19 denotes reflected light when a spherical 
aberration is caused. It is shown that the wave fronts 
14a and 14d in Figure 5 have an image point having the 
minimum beam diameter at the front of the information 
recording layer 6c or 6d, compared with the case where 
there is no spherical aberration. 

These states correspond to the focusing state shown 
in the foregoing Figure 4 (b) . 

Thus, when the light beam is separated at the 
boundaries 15a and 15b in Figure 5, into a section close 
to the light axis OZ and a section far from the light 
axis OZ, the light beam can be separated into a light 
beam having a focus far from the information recording 
layer 6c or 6d and a light beam having a focus at the 
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front of the information recording layer 6c or 6d. 
Therefore, the spherical aberration can be detected 
sensitively by either of the focus position deviations. 

Hence, the position of the boundaries 15a and 15b 
will be sought. Generally, in order to analyze an 
aberration of a wave front, the form of the wave front is 
fitted by the least square approximation method using the 
Zernike polynomials, and the third-order aberration is 
obtained from a coefficient of the polynomials. When the 
wave front shown in Figure 5 is fitted by the least 
square approximation method using the Zernike 
polynomials, the form of the wave front is determined by 
the term 6q 4 - 6q 2 +1 (where q is a distance from the beam 
center normalized by the beam effective radius) . When an 
extreme value of the wave front 14 is obtained in this 
manner, the position of the boundaries 15a and 15b can be 
found, and a distance rl from the light axis OZ to the 
boundary and a beam radius r in Figure 5 virtually 
satisfy the following equation: 

rl = 0 . 7r ... (6) 

The light beam is separated by the hologram 2 into 
the inner section and the outer section. Therefore, the 
spherical aberration can be detected sensitively when the 
radius of the circle El forming the region 2a of the 
hologram 2 is set so that the light beam having a radius 
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virtually not more than 70 percent of a light beam 
effective radius determined by an aperture of the dual 
element objective lens 9 is diffracted by the region 2a 
of the hologram 2, and the outside light beam is 
diffracted by the region 2b of the hologram 2. 

That is, as shown in Figure 7, the focus position in 
an ideal wave front 31 having no spherical aberration 
coincides with the focus position at the extreme value on 
the boundaries 15a and 15b in a wave front 3 2 having a 
spherical aberration. Thus, as long as the light beam is 
separated at the extreme value of the wave front 32, even 
if the focus position in the optical pick-up device 10 is 
deviated, the focus position of the extreme value is 
deviated likewise, so the spherical aberration can be 
always correctly detected. 

Figure 8 is a graph showing the relationship between 
the spherical aberration error signal SAES and change in 
the thickness of the cover glass 6a of the optical disk 
6. This graph shows the change of the SAES when the rl, 
which is the separation radius of a circle separating the 
hologram 2 into two sections, is 0.5r, 0.7r, and 0.9r. It 
is clear from Figure 8 that the sensitivity of the SAES 
becomes best when the separation radius of a beam is 70 
percent of the beam effective radius {rl = 0.7r). 

In the foregoing explanation, consideration has been 
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given on a method for detecting a spherical aberration 
when there is no focus position deviation and a spherical 
aberration is caused in the optical system of the optical 
pick-up system 10. Here, since the detection of the 
spherical aberration is considered based on a case where 
there is no focus position deviation, the light beam on 
the information recording layer 6c or 6d should form the 
best image point. 

However, if a spherical aberration is caused, the 
error signals Fl and F2 vary according to the spherical 
aberration, so it is not preferable to use the Fl or the 
F2 only to designate the focus error signal FES showing 
the amount of the focus position deviation. In other 
words, when a focus position deviation is caused in the 
optical system of the optical pick-up device 10, that is, 
when a focus error is caused, the method for detecting 
the spherical aberration as mentioned above cannot be 
adopted. 

Hence, the following description will explain a 
method for detecting a spherical aberration considering 
a focus position deviation. 

Then, explanation will be given on the generation of 
the spherical aberration error signal SAES and the focus 
error signal FES when a spherical aberration is caused 
and there is a focus position deviation. 
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It is clear from the explanation of Figure 5 that 
the error signals Fl and F2 are subjected to positive and 
negative effects by the spherical aberration, 
respectively. Therefore, it is desirable to generate the 
focus error signal FES in which the effect of the 
spherical aberration is restrained as much as possible, 
by using both of the Fl and the F2, as shown in the 
equation (7) ; 

FES = Fl + F2 ... (7) 

When a spherical aberration and a focus position 
deviation are caused, if the error signal Fl or F2 is 
directly used so as to designate the spherical aberration 
signal, the spherical aberration error signal SAES varies 
according to the focus position deviation, failing to 
detect the spherical aberration correctly. Thus, it is 
necessary to detect the spherical aberration with 
restraining the effect of the focus position deviation. 
In order to restrain the effect of the focus position 
deviation, the spherical aberration error signal SAES can 
be obtained from the following equation (8) : 

SAES = Fl- (F1+F2) xkl (kl: a coefficient) ... (8) 
or the following equation (9) : 

SAES = F2- (F1+F2) xk2 <k2 : a coefficient) ... (9) 
Here, the coefficients kl and k2 may be determined as 
long as the SAES changes little even if a focus position 
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deviation is caused. 

Here, Figure 9(a) is a graph showing the 
relationship between the SAES and change in the thickness 
of the cover glass 6a when the SAES is obtained from the 
equation (8). Figure 9(b) is a graph showing the 
relationship between the SAES and change in the thickness 
of the cover glass 6a when the SAES is obtained from the 
equation (4). A and B shown in Figures 9(a) and 9(b) 
denote changes when an offset is caused in the SAES due 
to the focus position deviation caused by the changes of 
the distance between the dual element objective lens 9 
and the optical disk 6 by ±0.2/xm. 

It is clear from the graphs shown in Figures 9 (a) 
and 9{b) that, when the SAES is obtained from the 
equation (8) , the effect of the focus position deviation 
can be restrained, and the spherical aberration can be 
accurately detected. 

The foregoing two methods for detecting a spherical 
aberration assume a case where the center of a light beam 
coincides with the center of the hologram 2. However, the 
actual optical pick-up device 10 provides tracking 
control in which the dual element objective lens 9 is 
moved in a radial direction (a radius direction) of the 
optical disk 6 so as to always focus a light beam on a 
track formed on the information recording layer 6c or 6e 
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of the optical disk 6. 

While there is no problem when the hologram 2 and 
the dual element objective lens 9 are integrated, when 
they are separately provided in the optical pick-up 
device 10, there may be cases where the center of a light 
beam deviates from the center of the hologram 2 due to 
tracking control. Here, if the hologram 2 is 
concentrically formed as shown in Figure 1, the light 
beam which should be originally diffracted in the region 
2a of the hologram 2 circled by the first circle El 
centered on the light axis OZ, and the light beam which 
should be originally diffracted in the region 2b of the 
hologram 2 between the first circle El and the second 
circle E2 centered on the light axis OZ, are partially 
diffracted in another region, respectively. 

In this manner, electric signals obtained from the 
photodetectors vary when there is a deviation between the 
center of the light beam and the center of the hologram 
2 and when there is no deviation between them. Thus, the 
spherical aberration error signal SAES varies according 
to the amount of the deviation between the center of the 
light beam and the center of the hologram 2, even if the 
spherical aberration amount is constant. 

Consequently, in order to restrain the effect of the 
deviation of the light axis OZ in the radial direction of 
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the optical disk 6 upon a spherical aberration signal as 
much as possible, for example, a hologram 2 0 having a 
separation pattern as shown in Figure 10 may be used. The 
hologram 20 is structured so as to include three regions 
2 0a, 2 0b, and 20c, as shown in Figure 10. 

The region 2 0a is a region surrounded by straight 
lines CL1 and CL2 which are orthogonal to the light axis 
OZ and parallel to the radial direction of the optical 
disk 6, a circle E3 , and an arc E4 . The region 20b is a 
region surrounded by the straight lines CL1 and CL2 , 
straight lines CL3 and CL4 which are orthogonal to the 
light axis OZ and parallel to the radial direction of the 
optical disk 6, the circle E3 , the arc E4 , and an arc E5 . 
The region 20c is a region surrounded by the straight 
lines CL3 and CL4 , the circle E3, and the arc E5 . 

Here, the straight lines CL1, CL2 , CL3 , and CL4 are 
apart from a center line of the circle by an identical 
distance h. The arcs E4 and E5 are the arcs having a 
radius of rl . The hologram patterns of the regions 20a 
and 20c are formed so as to focus a light beam on an 
identical point. 

That is, the hologram patterns of the respective 
regions of the hologram 20 are formed so that the light 
beams diffracted in the regions 20a and 20c are guided to 
the second photoreceptor 7b of the detection device 7 and 
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the third photoreceptor 8a of the detection device 8, and 
the light beam diffracted in the region 20b is guided to 
the first photoreceptor 7a of the detection device 7 and 
the fourth photoreceptor 8b of the detection device 8. 

According to the hologram 2 0 as structured above, 
even if the center of the light beam is moved in the 
radial direction of the optical disk 6 due to tracking 
control, the light beams designed so as to be directed 
into the respective regions of the hologram 20 are hardly 
directed into different regions of the hologram 20. Thus, 
the spherical aberration can be detected from the error 
signals detected by the light beams diffracted in the 
regions 20a and 20c and the error signal detected by the 
light beam diffracted in the region 2 0b, by using the 
equation (8) or (9) . 

Even with a pattern like the hologram 20, there is 
a possibility that the light beams may be directed into 
the regions different from the regions they should be 
originally directed, in an area in proximity to the arcs 
E4 and E5, due to the shift of the objective lens during 
tracking control. Thus, a separation pattern separated by 
completely straight lines, as a hologram 21 shown in 
Figure 11, may also be considered. 

Here, hologram patterns in regions 21a and 21c, the 
regions outside the center of the hologram 21, are formed 
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so as to focus a light beam on an identical point, in the 
same way as the regions 2 0a and 2 0c of the hologram 2 0 
shown in Figure 10. 

Here, Figure 13(a) is a graph showing the 
relationship between the spherical aberration error 
signal SAES and change in the thickness of the cover 
glass 6a when the hologram 21 shown in Figure 11 is used. 
Figure 13 (b) is a graph showing the relationship between 
the spherical aberration error signal SAES and change in 
the thickness of the cover glass 6a when a hologram 22, 
which has a hologram pattern separated by straight lines 
perpendicular to the radial direction as shown in Figure 
12, is used, as a comparison example. The distance h 
between the center line of the circle and a separation 
line in the holograms 21 and 22 is calculated as h = 
0 . 6r. 

In the graphs shown in Figures 13(a) and 13(b), the 
SAES obtained when the center of the hologram and the 
center of the light beam are not deviated, that is, when 
the deviation amount is 0/im, and the SAES obtained when 
the center of the hologram and the center of the light 
beam are deviated by 3 0 0^im in the radial direction of the 
optical disk 6 due to tracking control, are shown 
together. 

It is clear from Figures 13(a) and 13(b) that, when 
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the light beam is separated by the hologram 21, the SAES 
is unaffected even if the center of the hologram 21 and 
the center of the light beam are deviated by 3 00//m, but 
when the light beam is separated by the hologram 22, the 
SAES is apparently affected by the deviation of the 
center of the hologram 22 and the center of the light 
beam. 

In the present embodiment, the first region and the 
second region of the hologram are separated by a circle 
or an arc, but the present invention is not limited to 
this. It can also be considered that the hologram is 
separated by, for example, a polygon such as a 
quadrilateral or a free curve. However, according to the 
explanation on the present embodiment, it is considered 
to be more appropriate to separate the hologram by a 
circle or an arc so as to detect the spherical aberration 
sensitively. 

In the present embodiment, the hologram 2, 20, or 21 
is used as means for guiding the light beam reflected 
from the information recording layer of the optical disk 
6 to the detection devices 7 and 8, but the present 
invention is not limited to this. For example, the 
combination of a beam splitter and a wedge prism may be 
used as the guiding means. However, it is preferable to 
use a hologram so as to downsize a device. 
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In the present embodiment, the beam size method is 
utilized, but the present invention is not limited to 
this. The spherical aberration can be detected also by 
the knife edge method which uses a hologram 23 or 24 
having a separation pattern shown in Figure 14 (a) or 
14 (b) , and the photoreceptor changed so as to have two 
photodetectors, to detect a focus position deviation from 
the light beam diffracted in regions 23a and 23b or 
regions 24a and 24b. 

Further, at this time, it is possible to separate 
the remaining half area of the hologram 23 or 24 by a 
straight line CL5 or CL6 parallel to the radial 
direction, and to provide tracking control according to 
a difference between electric signals generated by light 
beams diffracted from separated regions 23c and 23d or 
24c and 24d. This detection method utilizes a phenomenon 
that an unbalance is caused in a reflected diffraction 
light pattern in the radial direction in accordance with 
the positional relationship between a track and a focus 
spot, and is generally referred to as the push-pull 
method. 

As means for correcting a spherical aberration 
caused in the optical system of the optical pick-up 
device 10, using the spherical aberration detected by the 
foregoing detection method, it can be considered to use 
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means for correcting the spherical aberration by 
adjusting the interval between the first lens element 4 
and the second lens element 5 of the dual element 
objective lens 9, as explained in Figure 2, but the 
present invention is not limited to this. 

For example, the collimator lens 3 may be moved so 
as to adjust the interval between the semiconductor laser 
1 and the collimator lens 3. In this case, the light beam 
emitted from the semiconductor laser 1 and passing 
through the collimator lens 3 becomes not parallel and 
can cause a spherical aberration, which can be used to 
correct a spherical aberration of the optical system of 
the optical pick-up device 10. 

Further, as means for correcting a spherical 
aberration, a spherical aberration correction mechanism 
may be inserted between the dual element objective lens 
9 and the collimator lens 3 . The spherical aberration 
correction mechanism constitutes an optical system for 
causing a spherical aberration when a light beam passes 
through the mechanism. For example, an afocal optical 
system in which a convex lens having a positive power and 
a concave lens having a negative power are combined may 
be used as a spherical aberration correction mechanism. 
The mechanism can cause a spherical aberration by 
adjusting the interval of the two lenses. 
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As another structure of the spherical aberration 
correction mechanism, an afocal optical system in which 
two convex lenses having a positive power are combined 
may be used. Also in this case, a spherical aberration 
can be caused by adjusting the interval of the two 
lenses . 

Generally, in the dual element objective lens 9, a 
spherical aberration is sufficiently corrected with 
respect to a predetermined thickness of the cover glass 
6a and a predetermined information recording layer. That 
is, a light beam focusing on a predetermined information 
recording layer does not include a spherical aberration, 
and the beam diameter of the light beam is substantially 
small . 

However, in the present embodiment, a spherical 
aberration is corrected by adjusting the interval between 
the first lens element 4 and the second lens element 5 
constituting the dual element objective lens 9. Thus, in 
the dual element objective lens 9, a spherical aberration 
does not have to be sufficiently corrected with respect 
to a predetermined thickness of the cover glass 6a and a 
predetermined information recording layer. 

That is, when assembling the dual element objective 
lens 9 or the optical pick-up device 10 including the 
dual element objective lens 9, it is satisfactory to 
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adjust the interval between the first lens element 4 and 
the second lens element 5 at a virtually predetermined 
value, and the interval may include a lens interval 
error. By the lens interval error caused during 
assembling, a spherical aberration is caused in the dual 
element objective lens 9. Further, when manufacturing the 
first lens element 4 and the second lens element 5, the 
first lens element 4 and the second lens element 5 may 
have lens thickness errors. By the lens thickness errors, 
a spherical aberration is caused in the dual element 
objective lens 9. 

The spherical aberration caused in the dual element 
objective lens 9 by the lens interval error and the lens 
thickness errors is measured as the spherical aberration 
error signal SAES, and can be corrected in accordance 
with the spherical aberration error signal SAES. 

In the present embodiment, the dual element 
objective lens 9 is constituted by two lenses, the first 
lens element 4 and the second lens element 5, but an 
objective lens may be constituted by one lens so as to 
simplify the assembly of the device. 

In the present embodiment, a two- layer disk having 
two information recording layers is taken as an example 
of a recording medium, but the present invention is not 
limited to this. It is needless to say that a single 
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layer disk having only one information recording layer 
may also be used, and even a multiple- layer disk having 
a plurality of information recording layers may also be 
adopted. In either case, a spherical aberration can be 
detected and corrected by a method as mentioned above. 

An aberration detection device of the present 
invention may be structured so as to include : 

means for adjusting a focusing optical system at a 
best image point ; and 

aberration detection means for detecting a spherical 
aberration of the focusing optical system, in accordance 
with at least one of focus positions of a first light 
beam and a second light beam, 

the first light beam in which a light beam passing 
through in proximity to a light axis which is a center of 
a light beam passing through the focusing optical system 
makes up a substantial proportion, and 

the second light beam in which a light beam passing 
through an outside of an area in proximity to the light 
axis makes up a substantial proportion. 

Also with this structure, a spherical aberration in 
the focusing optical system can be optically detected. 

The foregoing aberration detection means may be 
structured so as to include: 

a first and a second focus error detection sections 
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for detecting a focus position deviation of the first 
light beam and a focus position deviation of the second 
light beam independently; and 

light beam separation means for guiding the first 
and the second light beams to the first and the second 
focus error detection sections, respectively, from the 
light beam passing through the focusing optical system, 
wherein a spherical aberration error signal SAES and a 
focus error signal FES of the focusing optical system are 
generated in accordance with outputs of the detection 
sections . 

In this case, the detection result of the focus 
position deviation and the spherical aberration can be 
obtained in the form of electric signals. 

The foregoing light beam separation means may be 
structured such that : 

a first region and a second region are separated by 
a circle or an arc; 

the first region is a region having a light axis of 
the light beam passing through the focusing optical 
system as its center, in which a region corresponding to 
virtually 70 percent of an effective radius of the light 
beam, which is determined by an aperture of an objective 
lens in the focusing optical system, makes up a 
substantial proportion; 
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the second region is a region outside the first 
region, apart from the center; 

the first region guides the first light beam; and 

the second region guides the second light beam. 

With this structure, a spherical aberration can be 
detected sensitively. 

The foregoing light beam separation means may be a 
hologram. With this structure, the light beam separation 
means can be downsized. 

An optical pick-up device of the present invention 
may be structured so as to include: 

a light source ; 

a focusing optical system for focusing a light beam 
emitted from the light source onto a recording medium; 
and 

aberration detection means for detecting an 
aberration of the focusing optical system in accordance 
with at least one of focus positions of a first light 
beam and a second light beam, 

the first light beam in which a light beam passing 
through in proximity to a light axis as a center of a 
light beam reflected by the recording medium and passing 
through the focusing optical system makes up a 
substantial proportion, and 

the second light beam in which a light beam passing 
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through an outside of an area in proximity to the light 
axis makes up a substantial proportion, 

and the optical pick-up device may be structured so 
as to further include : 

spherical aberration correction means for correcting 
a spherical aberration of the focusing optical system in 
accordance with an aberration detected by the aberration 
detection means; and 

correction means for correcting a focus position 
deviation of the focusing optical system in accordance 
with a focus position deviation detected by the 
aberration detection means. 

According to the foregoing structure, a spherical 
deviation can be optically detected. 

The aberration detection means may be structured so 
as to include : 

a first and a second focus error detection sections 
for detecting a focus position deviation of the first 
light beam and a focus position deviation of the second 
light beam independently; and 

light beam separation means for guiding the first 
and the second light beams to the first and the second 
focus error detection sections, respectively, from the 
light beam passing through the focusing optical system, 
wherein a spherical aberration error signal SAES and a 
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focus error signal FES of the focusing optical system are 
generated in accordance with outputs of the detection 
sections . 

In this case, the detection result of the focus 
position deviation and the spherical aberration can be 
obtained in the form of electric signals. 

The foregoing light beam separation means may be 
structured such that : 

a first region and a second region are separated by 
a circle or an arc; 

the first region is a region having a light axis of 
the light beam passing through the focusing optical 
system as its center, in which a region corresponding to 
virtually 70 percent of an effective radius of the light 
beam, which is determined by an aperture of an objective 
lens in the focusing optical system, makes up a 
substantial proportion; 

the second region is a region outside the first 
region, apart from the center; 

the first region guides the first light beam; and 
the second region guides the second light beam. 
With this structure, a spherical aberration can be 
detected sensitively. 

The optical pick-up device of the present invention 
may be structured so as to further include: 
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focusing means for focusing the light beam on at 
least one information recording layer of a recording 
medium having a plurality of information recording 
layers , 

wherein a spherical aberration is corrected by the 
spherical aberration correction means, in accordance with 
an aberration detected by the aberration detection means. 

According to the foregoing structure, even in a 
recording medium having a plurality of information 
recording layers, information can be appropriately 
recorded/reproduced on/from the respective information 
recording layers . 

The foregoing light beam separation means may be 
structured so as to include: 

a first region for separating the first light beam; 

and 

a second region for separating the second light 

beam, 

wherein the first region and the second region are 
separated by a boundary, and the boundary is a circle or 
an arc . 

As mentioned above, a separation line separating the 
light beam is satisfactorily provided as long as it 
passes at an extreme value of a curve representing a wave 
front aberration, so a spherical aberration can be 


- 64 - 

detected even when the separation line is provided in the 
form as, for example, an ellipse or a regular polygon 
passing through in proximity to the extreme value . 
However, in order to detect the spherical aberration most 
sensitively, it is necessary to separate the light beam 
accurately at the extreme value of the curve representing 
the wave front aberration (70 percent of the effective 
radius of the light beam) . In order to meet this 
requirement, the separation line (boundary) is 
satisfactorily provided as long as it is a circle or an 
arc, which enables the spherical aberration to be 
detected most sensitively. 

The foregoing light beam separation means may be 

structured so as to include : 

a first region for separating the first light beam 

from a light beam; and 

a second region for separating the second light beam 

from the light beam, 

wherein the first region and the second region are 

separated by a separation line which at least partially 

has a straight section virtually parallel to a direction 

orthogonal to a track direction of the optical recording 

medium . 

In this case, since the first region and the second 
region which separate the first light beam and the second 
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light beam are separated by the separation line which at 
least partially has a straight section virtually parallel 
to the direction orthogonal to the track direction of the 
optical recording medium, the first region and the second 
region are formed so as to be extended in a radial 
direction. Thus, even if the center of the light beam is 
moved in the radial direction during tracking control, 
the light beam which is supposed to be directed to one 
region is not directed to another region. 

Therefore, even if tracking control is performed, a 
spherical aberration can always be detected accurately 
and corrected. 

The foregoing focus position deviation amount 
detection means may obtain the spherical aberration 
correction signal SAES by taking the focus error signal 
FES as almost zero. 

In this case, in a condition that the focus error 
signal FES is almost zero, that is, in a condition that 
there is no focus position deviation, it is regarded that 
the position of the best image point of the focusing 
optical system coincides with the position of the optical 
recording medium. Therefore, in this condition, the 
spherical aberration error signal SAES can be correctly 
detected. 

With this structure, in order to detect the 
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spherical aberration most correctly, it is necessary to 
obtain the spherical aberration error signal SAES by 
taking the focus error signal FES as almost zero, as 
mentioned above. 

The invention being thus described, it will be 
obvious that the same may be varied in many ways. Such 
variations are not to be regarded as a departure from the 
spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the 
art are intended to be included within the scope of the 
following claims . 


